The localization of catalase in isolated maize scutellum glyoxysomes was investigated by means of the diaminobenzidine histochemical reaction. Only the membranes of the glyoxysomes become heavily stained after incubation with diaminobenzidine and H202. If the glyoxysomes are lysed with Tricine buffer at pH 9, 70% of the catalase is solubilized, while the remaining 30% is tightly bound to an insoluble fraction formed mostly by glyoxysomal membranes. This suggests that catalase may be present also in the matrix of the glyoxysomes. The lack of staining of the matrix with diaminobenzidine is probably due to the high concentration of catalase in the membranes of the organelles.
The intracellular localization of catalase can be shown in the electron microscope by means of the histochemical reaction with DAB' (2, 7, 9) . Catalase is localized in microbodies, both in plant and animal tissues (3, 5, 16, 17) . Many animal and plant microbodies contain a crystalloid core (5, 10) . In animal microbodies this core is usually formed of urate oxidase; catalase is absent in the core and concentrated in the amorphous matrix from which it is very easily released after breakage of the particles (5, 8) . In plant microbodies, on the contrary, the core stains more strongly than the remaining part of the organelle after reaction with DAB. This is true both for leaf peroxisomes and for glyoxysomes of fatty seeds (9, 17) . The glyoxysomes of the scutellum of maize do not apparently contain any crystalloid core, but catalase seems to be rather firmly bound to these organelles. This paper reports some data about the localization of catalase inside this type of glyoxysomes. We have performed the DAB reaction on isolated glyoxysomes and have tried to solubilize their catalase by lysing them in an alkaline medium. We have used the isolated organelles instead of the whole tissue in order to compare more easily cytochemical and biochemical data.
MATERIALS AND METHODS
The strain of maize used was Michigan 200 (formerly Michigan 62-91) kindly supplied by Dr. E. Rossman, Michigan State University.
Glyoxysomes were isolated from scutella after 4 days of germination as described in a previous paper (12) . Catalase IAbbreviation: DAB: 3, 3'-diaminobenzidine.
was assayed spectrophotometrically using the method of Chance and Maehly (4). The isolated organelles were fixed and embedded for electron microscopy as described in a previous paper (12) . The DAB reaction was performed in the "standard medium" described by Frederick and Newcomb (9) after the glutaraldehyde fixation step.
Glyoxysomes were lysed by suspending them in 10 mM Tricine buffer, pH 9 (3 ml of Tricine for 7-8 mg of protein). This pH was chosen because Leighton et al. (11) have reported that isolated rat liver peroxisomes release most of their enzymes in these conditions. The glyoxysome suspension was stored at 0 C for 12 hr and centrifuged at 191,000g for 45 min. No inactivation of catalase occurred during storage and centrifugation. The pellet was washed twice in 3 ml of Tricine buffer and recentrifuged under the same conditions. The final pellet was suspended in 1 ml of either Tricine buffer or 10 mM HEPES, pH 7.5. The recovery of catalase in the pellet and in the washings ranged between 95 and 105%. A microsomal fraction was isolated from 6-day-old scutella as described previously (13).
RESULTS
As previously described (13) , during germination of maize the catalase present in the glyoxysomes of scutella reaches a peak at the 4th day, whereas the activity in the microsomal fraction is higher at the 6th day when the glyoxysomes are broken down. At this time the microsomal fraction probably contains broken glyoxysomes.
The incubation of a 4th-day glyoxysome fraction prefixed with glutaraldehyde in a medium containing DAB ; ; f A f f ; i , (Fig. 6) . Several The microsomal fraction from 6-day-old scutella contains the typical small vesicles, ribosomes, membranes, and numerous electron-dense globular particles larger than ribosomes (Fig. 7) . Sections from microsomal fractions incubated in DAB medium and not poststained with uranyl acetate and lead citrate appear heterogeneous (Fig. 9) (Fig. 10) . The glyoxysomes treated with Tricine and incubated with DAB appear in the electron micrographs as empty vesicles of the same size of the intact organelles, surrounded by a heavily stained membrane (Figs. 11 and 12 ). Scattered among the empty vesicles, it is possible to see the same globular particles that are present in the microsomal fraction (Fig. 12) . The membranes of the Tricine-treated glyoxysomes, which were not incubated with DAB, do not show any staining at all if the sections are not poststained (Fig. 13) .
We have performed the DAB reaction also on the intact scutellum tissue in order to control whether the staining properties of the glyoxysomes change after isolation. We were able to obtain a reasonable staining of the glyoxysomes in the whole tissue after an incubation in DAB of at least 2 hr. Under these conditions, the glyoxysomes appear uniformly stained. With shorter incubation times (1 hr), the reaction is much fainter and the electron dense precipitate is localized mostly in the outer membrane (Figs. 14 and 15 ). Some staining with DAB can be observed also in the ground cytoplasm (Fig. 15) .
DISCUSSION
The electron micrographs of isolated glyoxysomes incubated in the standard DAB medium seem to indicate that catalase is localized only in the membranes of the organelles. No reaction product is detectable in the matrix. Biochemical data give a contrasting picture. Seventy percent of the enzyme is extracted by the treatment with Tricine, whereas the remaining 30% seems to be tightly bound to some insoluble structure of If a consistent part of the total catalase is located in the matrix of the glyoxysomes, why does it not react with DAB?
A phenomenon of latency due to rapid consumption of H202 in the outer zone of the organelles does not seem likely, because we were not able to increase the catalase activity of the glyoxysomes by treating them with detergents. Such a form of latency is known to occur in animal peroxisomes (1) . Difficulties in DAB penetration would also seem unlikely because histochemical data on different tissues demonstrate that DAB easily penetrates the organelles (2, 6, 7, 9, 15) . It may be possible, however, that most of the DAB is used up by catalase located in the membrane of the glyoxysome as soon as it reaches the organelles; in this case the concentration of DAB which effectively reaches the matrix may be too low to yield a detectable reaction product. Moreover, oxidation of DAB to a polymeric form on the membranes can alter their permeability and prevent a further penetration of substrates. This seems to be a reasonable hypothesis because a very heavy deposition of the insoluble DAB polymer is often seen on the glyoxysomal membranes (see Fig. 4 ).
The hypothesis that catalase is present also inside the glyoxysomes is supported by the fact that all the fractions examined by us The micrographs of the whole scutellum tissue also support the idea that catalase is distributed throughout the glyoxysome instead of being concentrated in the membrane. The steady state concentration of H,,02 and DAB which effectively reach the organelle may be rather low in the intact tissue due to a high concentration of catalase in the ground cytoplasm that may use up the reagents before they penetrate the glyoxysome. The presence of catalase in the ground cytoplasm has been shown by us in a previous paper and is confirmed by the reaction with DAB (see Fig. 15 ). The lower rate of penetration of the substrates into the glyoxysome probably does not cause the formation of such a heavy precipitate on the membrane to preclude their further entrance.
